proposition are scholars and practitioners of neo-traditional urban design, which argues that 6 greater orientation toward grid street patterns, increases in mixed land uses as defined by greater 7 intensity and balance between residential and commercial activities, greater retail employment 8 density, better access to mass transit will all necessarily lead to reduced use of automobiles (and 9 the associated social ills), because of enhanced convenience of other travel modes. 1, 2, 3, 4 In 10 contrast, Crane demonstrated that because urban form simultaneously reduces the time 11 requirements for all modes of travel, if the increased convenience for vehicle travel is stronger 12 than the increased convenience for walking, these modifications to urban form could, 13 unintentionally, induce more vehicle trips. 5 Crane's point goes directly to the question of travel 14 mode substitution: are neo-traditional design practices inducing individual travelers to walk 15 more, drive less, both or neither? While the third option would be the ideal for neo-traditional 16 design proponents, there is no a priori reason to believe that simply because walking becomes 17 easier that this will automatically reduce the number of automobile trips made. 18
The purpose of this paper is to examine how land use based substitution effects on travel 19 behaviors manifest, by examining the direct impact of land uses inducing trip-making behavior. 20
These impacts will be analyzed in the context of trip chaining. Trip chaining is defined here as 21 consolidating two or more non-home activities in a single departure from home, thus reducing 22 the total amount of travel time required for completing the set of activities. In that context, a 23 single chain begins and ends at home, with all trips made in between as elements of that specific 24 chain. A better understanding emerges of how land use affects travel behavior by examining the 1 impacts on trip chains and chain elements, since trip chaining best reflects the reality of most trip 2 making decisions. 3
Previous Research 4
Crane's discussion has helped to shape the research agenda on the effect of land use 5 practices on travel mode substitution. This body of work has produced several interesting points. 6 First, it appears that where land use does affect travel mode usage, it does so through affecting 7 travel times for various modes. 6, 7 Second, using this relationship between land use and travel 8
time, it appears that practices consistent with neo-traditional design (e.g., smaller lot sizes, grid 9 oriented street structures, better access to transit and retail employment) appear to be effective in 10 changing the substitution rate for walking compared to driving. According to Greenwald, land 11 use practices consistent with neo-traditional principles reduce travel times proportionally more 12 for walking than for driving, and thus increase the proportion of walking trips made in 13 comparison to driving. 8 Further, the effect is not strictly linear; small adjustments to individual 14 land use measures towards or away from practices consistent with neo-traditional design 15 guidelines can lead to a cumulatively large benefit or detriment to observed travel mode splits. 16
Thus, the whole is greater than simply the sum of its constituent parts. The substitution 17 argument is further supported by Krizek's findings from the Puget Sound area; the author 18 concluded that relocation of residence to more pedestrian accommodating neighborhoods with 19 greater availability of neighborhood retail did, in fact, result in lower vehicle miles traveled, 20 overall number of trips and tours (i.e., trip chains) made. 9 This substitution effect does have 21 practical limitations. Greenwald found the effect for land use does not appear to be as solid for 22
United States generally, while Figure 2 provides a more detailed overview of the region and the 1 dispersal of home locations of travel survey participants. 2   The 1994 Travel Diaries were collected by Portland Metro between April 1994 and April  3 1995, surveying 10,048 persons in 4,451 households in the four county area surrounding the city 4 of Portland (i.e., Multnomah, Clackamas, Washington and Clark County). All members of each 5 household were surveyed for two consecutive days (including weekends) and asked to log details 6 on all activities which either generated a trip, or took longer than 30 minutes to complete. 7
In total, 50,623 trips were identified in the 1994 Travel Diaries. Trips were given unique 8 identifier numbers which allowed them to be tied back to traits of the individual and household 9 that generated them. In addition, Portland Metro generated shortest network distances between 10 trip origin and destination using the EMME2 network model for the survey area. 11
Using the trips identified in the 1994 Travel Diaries, and employing the definition of trip 12 chaining described earlier, the authors identified 5,479 chains within the 1994 Travel Diary data 13 set. From each chain the authors were able to generate chain length (i.e., trip counts) and travel 14 distance, both in total and separately for pedestrian, transit (bus and light rail combined) and 15 automobile travel modes. Equation 1 provides the general model for trip chain analysis: 16
where Y im is the column vector of specific measures of chain and mode adjusted dependent 18 variable (i.e., distance, number of chains, or individual trips by mode type in a chain) for an 19 individual person i, β is the column vector of regression coefficients, and X is the matrix of 20 independent variables made up of the following: 21 With respect to the individual traveler, the standard battery of sociodemographic 27 variables (i.e., race, age and gender) are included as controls. Additionally, square of age and 28 having a physical handicap affecting travel decisions are included to account for aspects of travel 29 behavior tied to physical ability of the individual. Initially, as a person matures physically they 30 gain stamina, so they might be willing to substitute more physically intense travel if they 31 perceive other benefits associated with one particular mode. For example, a person might decide 32 to walk more as they get older because they have the ability to do so, and they perceive the 33 potential health benefits as an additional incentive. However, because diminished physical 34 capacity is also a characteristic of both young and old extremes of the age spectrum, there is the 35 possibility of a non-linear relationship between age and travel mode substitution. 36
Number of children and employment status represent additional constraints on individual 1 travel behavior. Travel needs of children often need to be satisfied by the parent, representing an 2 external influence on the travel behaviors of adults. Employment also factors in as a travel 3 constraint since other activities (and thus related travel behavior) are often organized to 4 accommodate work schedule; this effect should be attenuated for those workers who have 5 flexible scheduling. 6
Elements of the trip chaining models not related to scheduling generally reflect household 7 wealth, per trip out of pocket costs and preferences of the individual traveler. To address the 8 wealth and trip cost issues, the authors include household income (and income squared, 9 reflecting the diminishing marginal utility of income), average household vehicle cost, and the 10 relative cost of transit travel compared to the average vehicle cost in the household. Average 11 household vehicle cost is used rather than specific vehicle cost because trip logs did not specify 12 which vehicle in the household was used for vehicle based trips.
* Transit system fares for the 13 survey periods were provided by Tri-Met, the regional transit provider for the Portland 14 metropolitan area.
† Household income measures for the 1994 Travel Diaries was put into an 15 ordinal coding scheme in increments of $5,000, with a top category of $60,000 or more. total number of trips would drop as household members engaged in alternatives to trip making 7 (e.g., social calling, electronic purchasing, telecommuting, etc.). 8
The land use densities for trip origins used in this model are similar to those used in other 9 models analyzing non-automotive behavior, specifically in relation to the jobs housing balance 10 literature 18, 19 and recent attempts to analyze non-work travel behavior in relation to urban form 11 of the home environment. TAZs in the Portland Metro area 7 8
The result of the formula is a continuous index which is near zero when there is a relative 9 lack of either jobs or households, and highest when both the proportion is even and the number 10 of households and jobs is high. neighborhood traits (e.g., taxes, density, crime, school quality). 32 
24
Boarnet and Greenwald 6, 7, 28 dealt with endogeneity in earlier land use-travel behavior 25 research using instrumental variables. Alternatively, Heckman suggested selection bias might be 26 addressed by developing discrete choice models to estimate the utility of being in the observed 27 state for each case in the dataset. 33 Using this model, it would then be possible to construct case 1 by case estimates of the ratios of probability density functions and cumulative density functions 2 for these estimated utility values (Heckman identifies these ratios as the Inverse Mills Ratio), and 3 include this as an additional variable in the main model, thus accounting for the selectivity bias. 4
This process was described by Johnston & DiNardo. 34 We attempt a similar (though not 5 identical) correction, as the last variable in our main models. 6 While Heckman's original applications of this method focused on selection bias of two 7 states, Lee demonstrated how the same ideas are more generally applicable to multi-state 8 selection bias, using a multinomial logit as the selection function. 35 While no two neighborhoods 9 are identical, the distinction between two neighborhoods of similar design, density and variety of 10 activities may be less important in influencing travel behavior than the distinction between 11 neighborhoods that are vastly different on one or all of these traits; this supports the application 12 of a nominal or ordinal taxonomy on neighborhood form. This taxonomy could then be used in a 13 multinomial logit, and subsequently to estimate an Inverse Mills ratio. 14 In order to apply such a solution, it is necessary to know the probability and cumulative 15 density functions for multinomial logits. Ben-Akiva and Lerman describe error terms in 16 multinomial logits as Gumbel distributed.
36 So, once a multinomial logit for residential selection 17 is specified, the only remaining matter is to estimate the variables for the related Gumbel (known 18 as location and scale parameters). Those estimates are calculated here using the "gumbel" 19 subroutine for Stata, written by Scotto and Tobias. The multinomial logit allows for the assessment of the utility of selecting into mutually 18 exclusive categories, based on a predetermined reference. In this case, the authors assess the 19 likelihood of selecting into an environment moderately or highly accommodating to pedestrian 20 travel modes, compared to an environment which has low accommodation for pedestrian 21 activity, as defined by a Pedestrian Environmental Factor.
‡, § Given Weisbrod's findings, two 22 separate models are run for homeowners and renters, respectively; the Inverse Mills estimate for 23 a household selecting their observed pedestrian environment is calculated as described above, 24 then subsequently included in the main model as an endogeneity/self selection adjustment. 25 Table 1 Travel Diary data set. The calculation for the SESI attempts to address this loss of variability in 30 the household income measure described earlier by dividing average of the household income 1 category for each respondent by the median household income of the census block group in 2 which the household resides; the authors use this as a more accurate proxy measure of the socio-3 economic status of the individual household relative to it's immediate neighbors. Similarly, the 4 choice of employment type for head of household is included to reflect the fact that managerial 5 jobs tend to pay higher wages, giving these workers greater latitude in their choice set for 6 residential locations. 7
Number and type of employed persons and household size is intended to measure the 8 effect of location satisfying behavior, with each household choosing its utility maximizing locale 9 subject to constraints of multi-worker households or the needs of young children to attend 10 school; the greater the number of employees or school age children, the greater the number and 11 intensity of these location constraints. The percentage of surrounding housing stock built before 12 1950 is taken as an indicator of the degree to which the area in which the household resides is 13 subject to the historical shift in architectural styles as the post World War II housing boom 14 reached full swing, affecting the level of pedestrian facilitation in the neighborhood. Presence of 15 a handicapped individual in the household is included in the model because the transportation 16 needs of disabled individuals may act as a limiting factor in choosing locales that facilitate 17 encumbered movement. 18
Ben Akiva and Lerman describe one caution of logit modeling, observing that high 19 correlation between model parameter estimates can lead to inefficient model predictions. 35 This 20 situation is most likely to arise when there is high correlation among the independent variables. 21 Table 2 shows the pairwise correlation matrix between the various elements of the multinomial 22 logit described in #1  #2  #3  #4  #5  #6  #7  #8  #9  #10  #11  #12  #13 
4.
Results -Distance Traveled 1 Table 3 provides a description of urban form impacts on distance traveled, using a Tobit 2 modeling structure. The Tobit is chosen over a standard ordinary least squares (OLS) model 3 because Tobit models are inherently conditional, as described by Johnston & DiNardo; 33 what is 4 the significance of a particular independent variable, or set of variables (in this case, land use 5 measures), given observations meet a particular truncation threshold (i.e., distance traveled 6 greater than zero). This conditional nature allows us to broaden the discussion from just 7 statistical significance and correlation between land use practices and observed distance totals, to 8 an exploration of the significance of land use measures in inducing travel by particular modes. 9
In addition, the Tobit model converges with the standard OLS model estimates of regression 10 parameters as the censoring constraint becomes less applicable. 33 
11
Looking at the results, both parcel size in the zone and number of intersections within a 12 half mile of the center of the zone where the home is located are significant and consistent with 13 neo-traditional design practices for almost all travel mode categories (although parcel size is 14 insignificant in affecting travel distances for transit and pedestrian modes); the mixed use index 15 is of no significance. Where transit access variables are significant they are mostly consistent 16 with the idea that accessibility to transit (both bus and rail) increases, transit and pedestrian travel 17 distances also increase. 18
Vehicle access and cost measurements are significant and consistent with expectations 19 for overall travel distances and for vehicle miles traveled (i.e., as variable costs drop and 20 accessibility increases, distance traveled by private vehicle increases), although these same 21 variables had no significant impact on pedestrian distances traveled. The same findings apply 22 for employment status and flexible scheduling. Possession of a driver's license is significant 23 across the board and consistent with expectations (i.e., promoting greater distances traveled and 1 vehicle distance specifically, while reducing transit and walking distances). With respect to the 2 relevance of socio-demographic variables, the only significant finding was women tend to 3 generate more travel generally (and vehicle miles specifically) than men, that number of children 4 in the household reduces the number of transit miles traveled, and that age resulted in greater 5 automobile distance traveled. ** Also of interest, the Inverse Mills estimate was statistically 6 significant in explaining travel distances for all categories except walking. 7 Table 3 , appears the impact of urban design has been validated as 1 neo-traditional design proponents would expect: land use can reduce personal vehicle miles 2 traveled. But this does not necessarily imply walking miles for the same activities are being 3 substituted. To make that argument, one would need to observe both statistical significance, and 4 opposite signs for the same urban form factors in both the vehicle and walking distance models. 5
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Looking at the Table 3 is happening, we examine how land use affects consolidation and mode choice for chained trips. 15
Results -Trip Chaining Behavior 16
The models presented in this section address how urban form alters the number of trips 17 made, both overall and by particular modes? Table 4 relates the number of trip chains completed 18 by particular mode choices to travel behavior and urban form variables. Ordered logits and 19 ordered probits have been used in previous research on individual trip count data by Boarnet to 20 account for the discrete and dominating nature of trips. 6, 7, 28 For example, it is not possible to 21 make half a trip; a traveler either does or does not complete a transition from an origin to a 22 destination. 23 The results in Table 4 suggest there is an ability of residential land use patterns to 4 influence both driving and walking chain generation. As in Table 3, driver's license possession  5 and number of vehicles in household had significant effects on trip chains with respect to 6 particular mode types (i.e., promoting vehicle based chains and suppressing pedestrian chains). 7
The significance and sign of these variables support the conclusion the model is theoretically 8 correctly specified. Turning to the impact of land use variables on the total number of trip 9 chains, the urban environment surrounding the home is generally insignificant, except that total 10 trip chains are suppressed by longer distances from the home to transit access points. 11
When the impact of land uses are separated out by the dominant travel mode for the 12 chain, a new picture emerges. More intersections within a half mile of the center of the zone 13 where the home is located, and increases in the number of bus stops within a half mile of the 14 home all serve to inspire more walking chains. Conversely, larger average parcel sizes and 15 increases in the mixed-use index reduce the number of automobile based trip chains made, while 16 having no significant effect on the number of pedestrian trip chains made. Looking again at the 17 Inverse Mills estimate for the residential environment, the variable is significant in both reducing 18 the number of automobile chains generated, and in increasing the number of walking chains 19 generated. 20 Table 5 looks examines the total number of trips per mode type generated as part of 1 individual chains; chain segments are defined as one way, from specific origin to specific 2 destination. The distinction between Table 4 and Table 5 is subtle, but important; the discussion 3 shifts from land use impacts on the generation of touring behavior to an analysis of how land use 4 specifically affects mode choice for trips connected in sequence. Again, license possession and 5 number of vehicles in household behave as anticipated with respect to automobile and pedestrian 6 segments. 7
While land use appears to have no significant influence on the overall chain length, a 8 very different pattern emerges when one considers the impact on number of links by travel mode. 9
Land use impacts on automobile linkages show weak patterns of statistical significance; higher 10 mixed use indices and increased distance to light rail were significant in suppressing the number 11 of vehicle segments observed, but other than that no significant relationships with land use 12 variables emerged. 13
With respect to pedestrian linkages, increases in the number of intersections, the mixed 14 use index, the number of bus stops within a half mile of the home, all serve to increase the 15 number of walking linkages made for overall trip making. In contrast, the number of rail stops 16 within a half mile of the home drive down the number of pedestrian linkages made. 17
The results do not provide any consistent analysis in support or contradiction of the 18 argument that urban form inspires more use of transit. Number of street intersections increases 19 the number of transit segments observed in a particular chain, but this may be confounding the 20 effect of bus stops (which is insignificant). While the residential selection Inverse Mills estimate 21 was significant in explaining the number of transit segments in a particular trip chain, it was not 22 significant in explaining the prevalence of other modes, or for chain length generally. 23
Synthesis of Results 1
Although from the previous literature there may have been reason to believe that 2 neighborhood scale land use practices could induce travel mode substitutions, the findings 3 supporting those ideas required context. From the models in Table 3 , it is apparent that 4 environments more consistent with neo-traditional street designs (i.e., higher intersection density 5 and smaller lot sizes) and improved transit access reduce vehicle distance traveled, while total 6 employment density, mixture of housing and employment and bus transit access work to inspire 7 more walking distance. This is a point in favor of the contention that urban design can reduce 8 vehicle use. Yet the impact of grid like structure on inspiring more walking distance is 9 ambiguous; the greater the degree of grid structure acts to promote walking (as indicated by the 10 positive and significant relationship between total walking distance and the number of street 11 intersections), while the density of that grid structure may have no impact on total distance 12 walked (as indicated by the insignificance of the parcel size variable). Furthermore, distance 13 measures do not speak directly to the optimization of travel behavior in the context of facilitating 14 the activities which travel is supposed to support. 15
The impacts of land uses on trip chaining behavior by various modes presented in Tables  16 4 and 5 address this issue of optimization. From Table 4 , it appears that decreasing the average 17 parcel size, increases in the mixed use index and enhancing access to bus stops all act to decrease 18 the number of trip chains made by driving. Increasing the number of intersections in the home 19 zone does promote a greater number of walking chains but does not suppress automobile based 20 chains. Table 5 demonstrates that land use practices, on the whole, don't have a significant 21 relationship with regards to generating individual automobile chain segments, though they do 22 appear to generate walking segments as part of chaining behavior. 23
Of particular interest in Table 3 and Table 4 is the influence of the residential self 1 selection Inverse Mills estimate. Looking at the results by mode type, the pattern appears to be 2 household self selection for preferred residential environment is for minimizing total travel 3 distance regardless of mode (Table 3) , though some achieve this by selecting residential 4 locations where goals can be met within walking distance (Table 4) . Members of this "walking 5 preferred" group may be less flexible in shifting their mode choice patterns, regardless of urban 6 form modifications, since their initial selection of residential environment was already based on 7 walking as the most efficient method of achieving their goals. Simply modifying the spatial 8 arrangement of their environment would not give them reasons for making additional trips. This 9 explanation is consistent with the general insignificance of the Inverse Mills ratio estimates in 10 Table 5 . 11
7.
Conclusion 12
The purpose of this investigation was to identify and explain how travel mode greater bus access appears to inspire more trip chaining, both in number and length of chains. 21
The conclusion is that land use substitution effect appears to consolidate trip making and 22 related activities at locations closer to the home, through whatever travel mode is immediately 23 most convenient and/or cost efficient to complete the travel tour, rather than a straight reduction 1 of driving in exchange for more walking behavior. The overall effect in that situation would be 2 to reduce the time and distance from home one would be willing to travel. People walk more in 3 pedestrian supporting/neo-traditional environments, but they still drive when convenient and 4 they are likely doing so over shorter distances. The implication is that local traffic congestion 5 and environmental degradation due to automobile usage may be no better in these neighborhoods 6 than anywhere else. 37 The PEF score was originally developed by a non-profit public interest group known as the 1,000 Friends of Oregon, to indicate the degree to which specific neighborhood areas supported transportation via modes other than individual automobile usage. The score for each zone ranged from four to twelve, a composite of points given for each of four criteria; ease of street crossing, sidewalk continuity, street connectivity (grid vs. culde-sac) and topography. Scores for each criteria can range from one to three points. Because the PEF score criteria lend themselves to subjective interpretation, and due to their inherently constrained values, the PEF score is used as an organizing criteria for urban form, in conjunction with home ownership status, as opposed to a direct independent variable.
§ For the homeowner model developed here, the location parameter value is .07827494 and the scale parameter value is 1.6169474. For the renter model, the location parameter value is .66962923 and the scale parameter value is 1.8699491. ** This effect tops out at roughly 42 years old.
